Abstract Aims/hypothesis: The metabolic syndrome is associated with proinflammatory and prothrombotic states. This study was designed to assess the behaviour of soluble CD40 ligand (sCD40L) and prothrombin fragment F 1+2 , a marker of thrombin generation, in patients with the metabolic syndrome. Methods: We investigated 106 patients with the metabolic syndrome, diagnosed according to the ATPIII report, and 104 subjects without the metabolic syndrome. Results: Plasma values of sCD40L and F 1+2 were higher in patients with the metabolic syndrome (4.11±1.64 vs 2.61±0.89 ng/ml and 1.54±0.49 vs 0.87±0.21 nmol/l, respectively; p<0.001) and were significantly correlated (r=0.925, p<0.001). Stepwise multiple linear regression analysis showed that sCD40L was significantly associated with F 1+2 , female sex and waist circumference.
Introduction
The metabolic syndrome is an emerging disorder associated with accelerated atherosclerosis and characterised by a constellation of metabolic and non-metabolic cardiovascular risk factors. Thus, metabolic syndrome patients have a higher risk of cardiovascular disease (CVD) than people without the syndrome [1] [2] [3] [4] [5] [6] [7] [8] . In the Framingham study, metabolic syndrome alone predicts about 25% of new CVD cases [4, 9] . The risk of CVD is elevated in men with metabolic syndrome, with a 10-year risk ranging from 10 to 20% [9] ; CVD risk is apparently less in women with metabolic syndrome, but it is unclear if patient selection may account for this difference [9] . The National Cholesterol Education Program's Adult Treatment Panel III report (ATP III) [10] identified six components of metabolic syndrome that may predispose to CVD: (1) abdominal obesity; (2) atherogenic dyslipidaemia; (3) raised blood pressure; (4) insulin resistance +/− glucose intolerance; (5) proinflammatory state; and (6) prothrombotic state.
As far as the prothrombotic state is concerned, patients with metabolic syndrome are characterised by elevated fibrinogen and plasminogen activator inhibitor 1 [11] , which could be linked to enhanced clotting activation; however, it is not clear if this occurs in vivo and the underlying mechanism is unknown. CD40 ligand (CD40L) is a component of the TNF family that, upon engagement with its receptor CD40, elicits a series of inflammatory and prothrombotic responses including overexpression of adhesive proteins, chemokines, metalloproteinases and tissue factor [12] [13] [14] . Several cell lines express CD40L including lymphocytes and cells of the vascular system such as endothelial cells, smooth muscle cells, monocytes and platelets [13, 14] . Platelets express CD40L on their surface upon stimulation with agonists such as thrombin and collagen; CD40L is then cleaved and circulates as soluble CD40L (sCD40L) [12] . It is calculated that more than 95% of circulating sCD40L is of platelet origin [15] .
Recent studies demonstrated that sCD40L is enhanced in patients at risk of CVD and in those with acute coronary syndrome suggesting that it may represent a new marker of atherosclerotic progression [16] [17] [18] [19] [20] . The behaviour of sCD40L has never been explored in patients with metabolic syndrome. The aim of the present study was, therefore, to investigate the behaviour of plasma sCD40L levels in patients with metabolic syndrome. Furthermore, we sought to determine if, in this setting, a relationship exists between sCD40L and clotting activation.
Methods

Subjects
The study was carried out in 210 patients (110 men, age 56.1±11.3 years and 100 women, age 53.4±11.8 years) presenting for suspected metabolic disorders in our metabolic outpatient clinic between March 2003 and January 2004. All patients had a complete clinical and biochemical work-up as part of the routine clinical examination.
Written consent was obtained from all subjects before the study and the study conformed to the ethical guidelines of the 1975 Declaration of Helsinki. The exclusion criteria were cancer, liver or kidney diseases, acute or chronic inflammatory disorders and CVD.
Following the criteria of the ATP III [10] , metabolic syndrome was diagnosed in 106 of the 210 subjects, on the concomitant presence of at least three of the following five clinical features: waist circumference (central obesity) >102 cm in men and >88 cm in women, fasting blood glucose ≥6.105 mmol/l, triglycerides ≥1.695 mmol/l, HDL-cholesterol <1.036 mmol/l in men and <1.295 mmol/l in women, arterial systolic/ diastolic blood pressure ≥130/≥85 mmHg.
One hundred and four subjects (50 men, age 56.7± 12.9 years and 54 women, age 49.4±13.0 years) who did not meet the above criteria for the diagnosis of metabolic syndrome were considered to be subjects without metabolic syndrome. In this last group, 17.3% had abdominal obesity, 25% had low HDL-cholesterol, 14.4% had high triglycerides, 22.1% had high blood pressure and 4.8% had high fasting glucose.
Arterial blood pressure was measured on the right arm with the subjects in a sitting position and after a 5-min rest, using a mercury sphygmomanometer: the average of two measurements, 1 min apart, was considered. Waist circumference, height and weight were recorded with subjects wearing light clothing, without shoes and BMI was calculated as weight (kg) divided by the square of the height (m 2 ). A detailed history of previous cardiovascular events and of current medication was recorded.
Diabetes was diagnosed according to the World Health Organization (WHO) criteria [21] . Subjects taking insulin or oral antidiabetic drugs were considered to have diabetes. Blood sampling protocol Subjects underwent routine biochemical evaluations including fasting total and HDL-cholesterol, triglycerides, glucose and insulin; glucose and insulin levels were also recorded during a standard (75-g) oral glucose tolerance test.
After overnight fasting and supine rest for at least 10 min, blood samples were taken into tubes containing 3.8% trisodium citrate and centrifuged at 5,000 ×g for 10 min to obtain plasma, which was stored at −80°C until use.
Analysis of circulating levels of sCD40L and F 1+2 Plasma levels of sCD40L were measured by an immunoassay (Quantikine CD40 ligand R&D Systems, Minneapolis, MN, USA). Intra-and inter-assay coefficients of variation were 7 and 10%, respectively.
Plasma levels of prothrombin fragment F 1+2 were assayed by an enzyme immunoassay based on the sandwich principle (Enzygnost F 1+2 ; Behringwerke, Marburg, Germany) Intra-and inter-assay coefficients of variation were 8 and 9%, respectively.
Lower limits of detection for sCD40L and F 1+2 were 0.10 ng/ml and 0.04 nmol/l, respectively.
Plasma fibrinogen was evaluated according to the Clauss method (Instrumentation Laboratory, Milan, Italy) employing the Electra 1400C coagulometer (Instrumentation Laboratory) [22] . Intra-and inter-assay coefficients of variation were 6 and 7%, respectively.
Serum high-sensitivity C-reactive protein (CRP) was assayed by an immunonephelometric method (N-High Sensitivity CRP, Dade Behring Marburg Gmbh, Germany). Intra-and inter-assay coefficients of variation were 3 and 2.5%, respectively.
Power calculations
Assuming that patients with metabolic syndrome had a 30% increase of sCD40L compared to controls we postulated that the study sample should consist of at least 42 patients for each group (α=0.05 and 1−β=0.80).
Data analysis
Categorical variables are reported as counts (percentage) and continuous variables as means±SD unless otherwise indicated. Comparisons between groups were carried out by Student's t-test and were replicated as appropriate with nonparametric tests (Kolmogorov-
performed using a stepwise selection method and was performed to determine the independent parameters of sCD40L adjusted for blood pressure, glycaemia, insulin, cholesterol, age, sex and triglycerides.
A value of p<0.05 was considered statistically significant. All analyses were carried out using SPSS-13.0 software.
Results
The clinical characteristics of the 210 subjects with and without metabolic syndrome are summarised in Table 1 . Prevalence of all the risk factors taken into consideration for the diagnosis of metabolic syndrome was significantly higher in the group of metabolic syndrome patients. In this group, virtually all subjects had abdominal obesity and elevated blood pressure values, about two-thirds had low HDL-cholesterol and elevated triglyceride levels, while <40% had hyperglycaemia. Both mean plasma sCD40L and F 1+2 were significantly higher (p<0.001) in subjects with metabolic syndrome than in subjects without (mean±SD: 4.11±1.64 vs 2.61±0.89 ng/ml and 1.54±0.49 vs 0.87±0.21 nmol/l, respectively); these results persisted also when patients treated with statins/fibrates were excluded (not shown).
There was a significant trend for an increasing percentage of patients with metabolic syndrome across the quartiles of the distributions of both sCD40L (from 26.9%, 14 of 52 patients, in the lower quartile to 98.0%, 51 of 52 patients, in the highest quartile, linear trend test, χ 2 =58.7, p<0.0001) and F 1+2 (from 7.6%, four of 52 patients, in the lower quartile to 100%, 52 of 52 patients, in the highest quartile, linear trend test, χ 2 =95.3, p<0.0001). Women with metabolic syndrome had higher values of sCD40L (4.86±1.65 vs 3.54±1.39 ng/ml, p<0.001) and F 1+2 (1.72±0.52 vs 1.40±0.43 nmol/l, p=0.001) than men with metabolic syndrome. Similar findings were observed in subjects without metabolic syndrome (not shown).
CRP levels were significantly higher in subjects with than in subjects without metabolic syndrome (median 2.1, interquartile range: 0.6-3.9 mg/l vs median 0.8, interquartile range: 0.2-2.9 mg/l). CRP levels were not significantly correlated with sCD40L (r=0.068) and F 1+2 (r=−0.003) ( Tables 2 and 3) .
On bivariate analysis, in metabolic syndrome patients, sCD40L plasma levels were significantly correlated with F 1+2 plasma values (r=0.925, p<0.001) (Fig. 1, Table 2 ). A similar finding was seen when F 1+2 plasma levels were used as the dependent variable (Table 3) .
The analysis of other markers of inflammation and atherothrombosis, including leucocyte count and fibrinogen, disclosed no difference between patients with metabolic syndrome and controls (Table 1) .
To further define the relationship between sCD40L and metabolic syndrome, stepwise multiple linear regression analysis including the five components of metabolic syndrome, was determined (Table 4) ; in this analysis we also included sex, age, F 1+2 and CRP. Among the components of metabolic syndrome, sCD40L was associated only with abdominal obesity; sCD40L was also significantly associated with F 1+2 and with female sex.
Stepwise regression analysis, repeated using F 1+2 as dependent variable, showed a significant association only with sCD40L plasma values (B: 0.298; E.S.: 0.012; standardised coefficient β: 0.967; p<0.001).
No significant difference was found in sCD40L, F 1+2 , fibrinogen and CRP plasma levels among metabolic syndrome patients with or without statin, anti-hypertensive therapy and/or anti-diabetic treatment.
Recently, a new classification was proposed by the International Diabetes Federation; in this classification, they considered that abdominal obesity is so highly correlated with insulin resistance that it is unnecessary to measure insulin resistance although the presence of abdominal obesity is necessary for diagnosis [23] .
When evaluated on the basis of this new classification, the results reported above did not change (not shown).
Discussion
This study provides the first evidence that patients with metabolic syndrome have enhanced values of sCD40L, which are significantly correlated with F 1+2 plasma levels, thus suggesting a link between platelet and clotting activation. The close association between sCD40L and F 1+2 has already been described in other atherosclerotic settings such as hypercholesterolaemia and diabetes [24] [25] [26] , leading to the hypothesis that CD40L overexpression may be a stimulus for clotting activation. This hypothesis is based on previous studies [27] [28] [29] [30] [31] demonstrating that in monocytes, endothelial cells and smooth muscle cells CD40L overexpresses tissue factor, a glycoprotein of the extrinsic clotting pathway that triggers the coagulation cascade activating factor VII and in turn converts factor X to Xa. Therefore, it is possible that the overexpression of CD40L may favour the activation of the clotting system via overproduction of tissue factor. This hypothesis has been recently supported by our group, which demonstrated that CD40L levels as low as 50 ng/ml are able to overexpress monocyte tissue factor and in turn enhance the plasma levels of F 1+2 . Activation of the clotting system by CD40L was not observed in monocytes taken from patients with hereditary deficiency of gp91phox, the central core of NADPH oxidase, which indicated that clotting activation by CD40L is mediated by oxidative stress [32] . Although both men and women with metabolic syndrome had elevated plasma sCD40L and F 1+2 values, women had significantly higher values than men. This finding is in accordance with a recent study by Varo et al. [33] who measured plasma sCD40L in a population affected by type 1 and type 2 diabetes mellitus. They found similar values of sCD40L in men and women affected by type 1 diabetes, but in patients with type 2 diabetes women had higher values than men. The mechanism through which women with metabolic syndrome have higher values of sCD40L than men is unknown and deserves further investigation. This finding, however, does not seem to be the result of chance because similar findings were seen with the prothrombin fragment F 1+2 . Indeed, patients with metabolic syndrome had higher values of F 1+2 than subjects without metabolic syndrome, but, again, women had higher values then men. A gender difference in blood thrombogenicity has also been observed in patients with hypercholesterolaemia, in whom the prothrombin fragment F 1+2 was higher in women than men [34] . Multiple regression analysis revealed that among the five components of metabolic syndrome sCD40L was only significantly associated with abdominal obesity. This finding, suggesting that obesity may promote CD40L overexpression, is consistent with a previous study showing that sCD40L plasma values are elevated in obese men and decrease concomitantly with BMI reduction [35] .
Adipose tissue has emerged as a key secretory organ that may regulate CD40L expression [36] . Accordingly, adipocytes secrete resistin which lowers TNF receptorassociated factor 3, a key inhibitor of CD40 signalling in endothelial cells [36] . Further study is therefore necessary to investigate if CD40L upregulation is mediated by resistin in metabolic syndrome. Whatever the mechanism, the overexpression of CD40L and its relationship with enhanced clotting activation may be of relevance to explain the accelerated atherosclerosis of patients with metabolic syndrome. Thus, there is emerging evidence that CD40L plays a pivotal role in the initiation and progression of atherosclerotic disease [13, 14] . In hypercholesterolaemic mice, inhibition of CD40L by a specific antibody retards the formation and progression of atherosclerotic plaque [37] . Moreover, inhibition of CD40L engagement with its receptor promotes changes in the atherosclerotic plaque, that are characterised by the presence of lesions that are less prone to rupture [14, 38] . Finally, CD40L is also implicated in the thrombotic process as shown by the poor stability of thrombus in the absence of CD40L and its restoration after the infusion of recombinant sCD40L [39] .
Cross-sectional and prospective studies demonstrated that sCD40L is increased in patients with cardiovascular risk factors or acute coronary syndromes and is predictive of future cardiovascular events in patients with and without cardiovascular events. In the present study we did not find any difference in sCD40L between patients with and without a clinical history of cardiovascular disease; however, the small sample size and the retrospective nature of this analysis limit any conclusion; prospective studies should be carried out to evaluate the role of CD40L in the process of atherosclerosis occurring in patients with metabolic syndrome.
In conclusion, this study shows that CD40L overexpression may represent a novel mechanism that accounts for the prothrombotic state of patients with metabolic syndrome. This represents a new insight into the physiopathology of the accelerated atherosclerosis that characterises this clinical setting.
